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NOTICE: When govermment or other dravings, specl- ir"'

fications or other data are used for any purpose P
. other than in counection vith a definitely related e
. goversment procurement opzration, the U. S. :F:‘;

Govermment theredby incurs no responsidility, nor any
} obligation whatsoever; and the fact that the Govern- -
oy pent may have formlated, furnished, ~r in any vay r-ﬁ,_
supplied the sald dravings, specifications, or other g
dats is not to de regarded by implicativa or other-
vise as in any manner licensing the bolder or any
other person or corporation, or conveying any rights
or permissicn to manufacture, use or sell any
patested invention that way in any vay be related
hervee. L
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. CERTAIN FROPEAVIES OF BORIDE ALLOYS OF .._‘:
REFRACTORY TRARSIIION METALS o
(KEKITORYYE SVOYSIVA SHLAVOV BORIDOV TUGOFLAVICHKH
PERERAODNYRH £ETALLOV) __i
3. A, Moyoerson, G, V. Saasonov, R, B, Kotel’nikow, E'

.X. S, Yoynove, I, F, Evteyova and 3, D, ).(runeak:vt :

‘ (It.utuuto of iunferrous .\bzaia ar;d Gold of Hoseow)

. K, I, Kalinia ) ’ E-

\
In tha aviation, Bmxmdtm. and eazalcal {ndustries as wvell as {a P'-
. other flalds of technaloyy, u}oro 15 & nvod for materiala poasessing & higa N
dogroe of corroalon and hout reslatunce, ehoaleal stubildity, apsciad electrical
projertlos, huarduvuas, ete. Juch sutariela, ta particular, «re the coajounds of tw
refractiry, transition mtula wity i At 2stallodds such a3 altrides, curbh}u. ‘“’
boridea, silicidua and othury, Tn tals exnnaction, atadlics of tae rojortles
3f 3uch €03; 2nl3 huvy racuntly boun ogjended, ’
Great attoatlon 1s bolag 3 aad t) tae 3%y of Sirtdea, whica uatil re. :..
conlly woln atadiad leus taun t.-rw tarbhlidad and niteidos, |
In nurluvas end corrdaton redlatunce doridoa aatjuaa cardidas aald als
5993933 co3wPativaly 3all donaity, sad ure ol a.m\ucn;'s Jf a+ut wnd electiric- L
tty, ete,'
n,
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The tioida ir which borides of rerréctory. trunsition metals van be
applied are quite vurled., In the literature there are reports of tkeir use
1a the production of hard alloys for making gas turbine parts, in the manu-
facture of nozzles for matallized equipmant, exhaust pipes for engines,

.« s contrifuge parts, pistons for automatic pressos, erucibles for fusion of
refractory matsls, protoctive pipes for tharzoeouple 4mmersion pyroaeters,

etc. (1 through 4) .

Borides of refructory trunsition mitals are also of interest froa ths
view poiné of the tasory of tho atructurs of xzotul coxjounds., Thas unijuoness
of bqridaa 11ss in the fact that by possszalag a nuader of churactsristics
which are typical of the 30-¢al19d *interstitial phases®, thoy do not have the
ordi&ary *{ntorstitial® structurs duo t> tke large size of the borom atoa,

”

The boride alldrs ura of significant jractical and taeorztlcal inturest,

-

dospite tho fuct tuut tholr study 1a ‘fa the bYeglanlng stape.

&2/ N 'l B-‘] Bn oy LR e '13'1
Fo—the—proseat_wack, Ti3] - Er 7, T18] - ‘2350 end arqz'- C¢3z syatoms
ware studial,

and the s2s3lbla tacinical use of their alloys, tae rosoarch was conductad

-

, along tho following buslic linvas - .
(Cb\. The atady of tha yhuss coasdsition ual atriuctures of tns ;roducts

{ of tus diffusion rsaction of the ianltial borideiz/ .

.- * g
- ({ i)' fuu study of tns aicrouardiusss of toe phusas; 4L*~é{)
. . f —
o (}} fne atudy of the corroaioa roslstance and tiae structure of scaulea of
vartous coimp;oslitions,
. ANloys T;BS - craz- nd ZrB:’- CrB£7uara intaraating froc the view ,dint

of taa couwbination > two yortdus, Fuca haviag high corrasion resistance,

|}
wl3reorer ., shiraatan-bo

Cr-*Ef; ‘J
rlde- 12 tae lauast exjenaivy oF tw refraciory, hamd bar ¢3§§;>

Aftar taking into account ths sroporties of ths initial borides
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dorides and, if only for that reason, alloys ca this dase deserve more secicons
study.
Cozpariscd of thcse ayster:d also hnd a ecctain interest from the vier

-

point of eperimcatally checking the ecnditians of the forumtion of & cantimme-
cus seren of s0lid colutions [] «

The systmn TiB, - vzns 13 enalozous to tho eardide systca TIC - AT,
vhieh found vide applicasion in the production of hard alloya, and thus £t
vas poacidle in the pre¢acat ccse to expect a ecrtain incrcisc in tho micro—
kardncis of the phancs,

Tho 1iterature codtains a nu=ber of indications rc3arding the cxioiezce

of titaniun doride 1‘1235. vhich 13 ioczorpiie with the turzaten doride lzas.

On this dania it vao possidle to precune the exintaace of considerchble

soludbllity of titaniuy boride 1n VB, due to the transfornatica of the
struoture of TiB, iato TiBg (sinilar to tuzsatea carbide alloys havizg &
lmﬁml struoture alloycd vith cardides vith s cudle lattice (7, 8 ).

Qbt~tnin= Norideq

Startinyg povdored doridea TiB,, rd,, Crdy, 8233 wvere odtoined by a
vacuus-thorz=al mothod fres thelr reapective metal oxides (ﬂoa. ro,, Or,C, exl
so,). borea cardides and calcined z200t, in tho laboratory vecuun resistance
Nm?ca of & retort typo vith a graphite heater [lg « The calcination ceiclds
are givea in Tadle 1.

The obtatned dorides vere ground in a ball mtll, 4o a vater modius, &=2
the iroa fspurities verhed out by diluted acid,

Toble 2 shows the results of a chazical, 1-ray diffrection, and gresuls—

motric analysis of these borides.

-

A Nat SRR AN 2 LI I N o PR EE O
- AR IS TR 4 A ‘ S R . . IR
P Pl S S L, - L A A Y

»
.

vl

» o v~
. e

g




,.I.,.‘..,.,'

*
——

.
o

l;n
. a
-
.
.
3
.
P
.

»
e

»-
)

i .
.

et

f._-,'::.;.g_ -0

o As ssen from Table 2,the chemical composition of powdersd borides is

F-
I Y

niarly stoicMonstric, and the spaciag of the crystal lattices, detoruined

3
4

within the 1limits of accuracy of the stuly, ecorrsspond to data ia the

1iterature, The density detoralned by the micropycnoxatric mstaod [11]
* 8

't

agreos with the density calculatod from x-ray diffraction data,
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Kethod of Obtalaing Borides o

+othod 1ndicas B, s, Cr8, w2l e

Teaperatare, °C 1540 1o 1670 1340 - e
Sookiag, ula 0 6 - 6 30 b:
Coatent of sost 4a .
the furusce churg . ..
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Indices T8, ‘ZrB, Cr82 '225 .

. ! ' o

Notal ccntent, £ found 69.4 : 80,2 70,1 90,7 :.:'::.'
q o

* ethichiomotric . « « » 68,9

Boroz conteat, £ found 30,6
8tolchiomatric « « « « 3.1
Cardbon content, £ C (totul) 0.7
Iroa eosntant, £ 1,0

Density, g/os3

fourd o o ¢ o ¢ o o o ‘0052

4,52

cnlcul;tod e s s o &

~”noan g;uin sfze, Lt 2.0
lattice apuc!nz.ﬁ)(,{b .
a
found « ¢ o ¢ ¢ ¢ » 3,01520,004
fros 1iterury dl.‘tﬂ 3,0:2:0,002
e
found . ... ...  3.216:0,015

froa sublishod data
e/_-

f:und.......

3,22220,002

1,066

£ros Jadlisnsd data 1,066

80,8
19.3 -
19,2
0,1

0,8

6.o§
6,15

4.0

3,150:0,0C6

3,16346,€02
3.50310,C06

3.5:3:0,002

1,114

1,115

2.966;0;011
2,963

3,96210,015
3,C60

1,035

1,c33

2. 96_L°|°1

2,976

13,840,1

13.83

' lq'.(6
L,16

® iccording to iifesiliags <110 A‘B_-’ nas & ¢a37.ctiva lattice, i3d tie sctuwl
[ ]

c03; 3311430 of tiae ,roduct cdrsis,ond3 tO forsile -8
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Obtatining and Investipating uioz-

: . Compact sumples §f alloys were obtained from mixtures of powdered bdorides
by the msthod of hot pressing in graphite molds oo the leboratory press with a
lever sachunism for laading, 4 series of semples were frepared, dlfforlng'by
10% mole of each coaponsnt (and with 5%. W-‘Bj for alloys TiB, - '4285). Tho.
sasples for the motallosrepnic study, for doterminution of the compressive
stroagth and for the'.atudy of oxiidatian processes, \;ero 1) ma in diameter and
ebout 4 ma 1a heignt, To dsteruine th» elesctrical conductivity and the

edefficient of lineur expansion, samples 8 m in dlazoter end 15 to <0 ma _in

halght wore prezared, The ;orosity of tho sazples did ast oxcesd Z - Ji. Tae

optimua tuvmjerature for hot presaing the borides was. (in °CJs

TB, o o o o o 2500 | S CrBy e o o o o 2180
2132000002500 .‘285.....2370

Above thasze te:ajeraturus, tho sanplas wmelted, losing their matallie

lustsr and turaiang black, Tnls was evideatly due to tho rezction of tons borides

with tho cerboa of tie dios and Qith tae for=ation of coapuratively low-malting

eutoctics, . 4

The matalla._-i'u;ntc studv wug :aadd on sections yrepured in tﬁs ususal way,. -

In order to wxidse tue struet xe, ssctions of alloys TiB. - CrBz wers traated

-

¥1ta & afature of iF ¢ Hil; ¢ glycerine (1 ¢ 1 : 1:), ssctions of ulloy

Zrd - Crd_ with & miature of A% 4 :éc) (1 : 1), snd soctions of TiB, - «.B;

by s alxture of HCL ., H:-uj WV l), ora .anc-mtrutsd 331;:15:1 of Z:u"dl.“c in H:ZL-).
Alloys '1'13‘ - Cr3,; 1a tue ontire ren_e of ca., o3itions hul u sia;le-zhase

structure. The structare of ullovs 43 - 2 5. und Zrd - Cr3, is « two-;hass
'y - -

str.cture,

-6-, .
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Fig. 1 shows the dependence of the mean graln size of slloys c:nz..unz and

CrBz - ZrBz on the coaposition, As seen froa this Fig., the derendence curve of
the grain size on tho alloy composition of TiBy - CrB; hes & olearly exyressed
maxizum {0 the region of high chromiun-doride contont, The incrvase in grain
size of alloys Tid, - CrB; with an increase in CrB, contsnt 1s evidently ox-

" plelned by the lowor uwolting teafersture of chromium bHoride., Therefore the
annealing of elloys rich in chroalwa boride occl;rrod st a couperatively highar
teujorature, &nd tas conditions for the growth of the gralns were xora favoreble.
Tae considoradle dacrease in fno gruin size during transition to the pure
.chro.:lun boride can probably. bo expluined by the nsarness :}1; ths annealfuog
" tomporature to tho mmlting poiﬁt. Under tnese conditions recrystalllzatia;x
oc.curred simnltunoously around a great cunbor of auclei, theredy causing a

decroass in grain gizo, a slulliar phoxlo:naaon wus dbserved when, during the

annealing of tungston, the te.aperature a,r,;r:mchod tke mltiﬁg point,

L//_
X-rav 81ffraction studies ware sude by the powder xethod of taking x-ray

photographs with cog;er radiation, As shﬁm in Fip. 2, Vogurd's les is cl'osely
obsarved for alloys ‘1_‘18“ - Cr3d;; ulihin tas liults of accaracy of our measure-
monta, the points lay on stralgat iines, Tha varlation in the s:acinss of the
luttico conjonents i'n valloys Ti8, - ‘;_,35 and erz - CrB_‘_ s negliridbie ang is

within tho accurucy of the mmasurenents, .

-,

The olectrical conductivity of ulloys Ti3 - cr3  und '.erz -.Cr3; vus L~ .

-

— — — - —

—— -, — - - . ==

mausured by tos Thoa;son drides, Oylinirical snailss 3ed aa 8 w3 Alaceter

;md o laactn of noout <0 w3 thair po:'a.-sii_v flaztunat~3 Leswsdsn . and 10k,

The reosistivity vulass ware rediac:d to tero jorosity by tas forlae

y conp. = 1 por, (1-1]

widce P 14 tge roaistivity 0f tas edajact (¢ €337, end josous (r jor.) mnterial;
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Stacing of crystel) lattice K.X °€
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) Dopadl 4pscem 2tubrmg K2

loan grains size Lt

with diborides of titsnius and zircsalum on thelr composei.

tion (attor annoallng at zCCo? for rou.r hours):

(1) a;xoy CrB, - 1'132
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(2) alloy Cr32 - 2rB;
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..The position of the maximums of electrical conductivity snd microhardness

on the °*composition-propsrty® curves e&!neides in the first epproximation (Fig. 3).

The_microhurdness of the rheses was measured on etched sections with a

: nIr.3 instrumsnt under & 10ad of 30 g. As meen in Fig. 3 for alloys 11B, - Cfﬁz. )

the curve of the dejendence of microhardness on the composition s ampoth. with

a maximum of 400 kg/mr? at BOZ mole T4B,, Corrosponding microhardness curves of

phases of alloys ‘1‘182 - “295 and 2‘.r82 - CrB, heve & form churacteristic of two- '

phuse alloys,
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The theriral coefficiant of linear expsnsion of alloy samples was mesasured

1a a teaperature renge of 20 to 700° by a quartz dilatomster [15. . The "
gmerel viev and diagran of the instrumeut are shown in Fig, §.
The instrumnt consists of a horizontal tubular electric furaace (1)

vith a nichroms Beater, in the center of walch is a quartz tube (Z), One end

of the tudbe 1s s0ldered, and the other is fastened vith clamps (3) to the

table {4) of tae ulcroscops (il). _

. The test sample G).V(dinm 8 m, length 15 to 20 ) is. placed 1a a
graphite holder (6) for centering and for a more unifora heatiag of the
saspls, By n;agna of a flut stesl s,;ri'ng () tha sauple is pressad by a quartz
rod {9), which in turn sbuts ageinst the soldered exd of the tube (2).

. Spring (7) is fastensd to tude ) by claaps (10), The mvément of rod kB)
due ;to tae prossure of au:iplo (5) eximﬁding during hesating (or due to the
pressure of spring (7) whuen’ comp:eb.sed) is m;usured by a aicrosco;e (11)_
vith an ocular microaster gugs (14) of the A¥9-1 tyio, Readings are taken

fraas indicator (12), whicn 48 a m:tal fram with an aStuched cover class on

vhici\ fine gradaated lines are dra'dn. . . : .

The temjorature is mrusured by a chromsl-sluwal tnar.ocoupls (13), the
juncti'on of whicu §s jluced {u the .aido oyeninﬁc of the cr-:p'ni‘te nolder (€)
to a dojth correspouding to the niddle of the san;le, Tt was eatublished
tgut st @ temyer;‘ture inercose of ebout § to 6. jer ninute there w;\s no
noticeabla drop In tewjeraturs betweon the cuwijle and the therivedujle,

“Pae rusults of tiv meusurvnent: are (dven in Fio. 5 (earves ),

The 1imit : : as detarained on a li-ton wubuwsl
hydrenlie jress by meanis of special equijsent, Irisiodd fropomnts of the alloy

were eowTossed, Ve Jiuit of bundln, otrei ta eus Jelurainod by ieans of
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Kesults of ull muasurezents are ¢iven 1u Tuble ,,

On th= basis of data from motallopyrajnie aid a-ray dlffraction anulvsea.

and aulgd froa

|} 'Y A .
eloctrical cunductivity (seo Flg, 30, 1t cun be coneluled taut in

s
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apeciel equipment on & GZIF.5 testing machine, The cylindricsd sampies 14 m

in dlemster and 3 to 4 mm high vere bent through their diameter,

_4!,_.‘_.____&
P i e N - A

Diagrum of 4 quartz dilstomter installation

(1) Electric tubular furnace; (<) quartz test tube
(3) clauwp for fusténing test tube; (4) tedble for microscope;
(5) sample; (6) gruphite holder; (7) comprésaion syring;
(8, ¥) quartz rods; (16) clamp to hold syring;

(11) microsgoje; (1z) calibrated indicutor; . [13) thermo-

.

couple; (14) sculur adcromoter guge.

uvailuble in tne litersture arv given {u (he Tuble,

the results of xeusuring tno microuardniss of alloy jhn&ﬁ&
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T4B, - CrB, erystullization of a continous serfes of solid sclutions oceurred,

dut in systems TiBo - 3285 and ZrB; - OrB, only limited solubility wvas observed,
The soludility of TiB, in W B¢ and M Bs in TiB, does not exceed 10 ard 53 mole
respectivoly, Ths soludbility of ZrB; in Cr82 is sbout 20%Z mole and the solu-

% dility of CrB, ia ZrB, is evidontly negligidle,

TABLE 3
Properties of Boridos of Titaniun, Zireconiun, Curozium and Tungsten

(in brackets - putlishod date)

Indicas TiB, "B, orB, VB

PP —a oy
L '_"_W_ "_ SeltaTe

Mierchordnvsa, Kg/m® 3 4304200 2 562200 1 $C02130 2 6004130
(3 370) (2 250) (1 800) (2 66o) :
. ‘ [ ""‘
. e
Sloctrical coalductivity e
obn."‘ ™! e o o o o o 1& 10021 50C 1C0 0CO 10 600 _ - * :'
(37 700) (1cy ooo) (47 600) - o
¥
Theruul coelficiont - .
of linoar vxpanaion, ::
Ultimute strotpth 3.(/@:: . L -
10 Cowprvealot ¢ o o o 50 170 120 70 ]
in Lending 70 >0 &5 ' -
[t
I |
* ».\..;....14 o tt basts of 100N deisity _
)) . ’ die . . } ..
p) ' : ’
* 1 h !
» v
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The ptudy of corrosion res stence, The total oxidation process of borides

can be expressed by equations

MeB_ + —;-(- + -:— .)o,=—rao_ +280,

* \. According to published data ths solnbility of ihe oxides of titaniunm,
zirconiua, and chroaium in B 0y at teaperstures below 1200° s small, end
thess matals do not form borates {12 the preseant study this essumption wes
checkod and confirmnd)., Thus, at the first oozsnt of oxidation, at 1000°
a wschanicel mixture of 8203 and the oxils of the corresronding metal is

foramoed on the surface of the borides,

Having accojtsd tho diffusion cheracter of oxidation ané considering the
rate of evajoration of 3203 a3 constent and egual to B, ve obtaln the followv-
ing equation of tho kinetics of boride axidstica (or of other chenicel com-

pounds in the oxidized scsle of wuich thers ure volatile compoasnts)s

3G = At (1)
vhere Al 1s change of weigat fer unit surface of the sanple;
A 48 the cunstant of oxilation rate;
B 1s tne evaj;oration rste of 3203 ger u-zit surface;
t . 1s the tize of oxidution,

olncy tud oxidation rute dcocriuses wits tize and the ovagorstion rete of

'xi-‘o3 can ba tulen as con:-tunt, th2re will arrive & com-nt waen tie ovs;orction

rats will Yecoar ejual 1O the 0alldatior rute eni 2zen will exces? it, Therve

fore, after v cortein ;-riod of tiss, al3dst all tne 3‘_03 in t=c f£eale will be
13
evaporated, Fron tiael wrarnt tue scale will consist mostly of w:oe) oalle,
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and the process of oxidation will be deseribed by a parabolie depsndence: ::::}‘I

. c e : e

G = Ao . @ rj

R ) ‘1\‘.

. . . N ‘l.\l.

‘h.“ 4’ ( ﬂ . : . :".:‘

. It follows from this thet the oxidation process of bhorides can bo divided “:

‘K'*l

into twvo stagos. The kinotiec curves of boride oxidation will divide corre- . :

spondingly into two sectors.. A . b

Analyais of £q, (1) leads to & series of depondences, o

R - o PN
LT et .
e Ph4

»
& o RAFa
LT Tl

. PR
. B A s -
S 5 SRS 4

Tho durstion of the first stags of oxldaticn:

~A Ok ' : '
. ' g, (—’—ij—‘_) I%I l’n[%(‘—-xdl (3)

v - v -

vhere Xl is tl;c coefficiont, showing which portion of tho inerease in weight :

s due to thoe forzution of wetal oxidosg,

The vulue of X, 1 doterulued only by stoieniomotric ratios (see the

general equativa for ibo'rcaeuon of boride oxidations

Koo
' ”_:" (%)

-y
..
ERE WY

——

xr' K; o7 0.5, then during a cortain jeriod of tima the wolght of the

sumjle will docronss in ths jrocess of oxidstiont .0, the raximun vill aprear

o8 the sector of curve J G -t cdrredponding to the first stuge of oxldation,

To this muxious corresjonds the tiw:

- . . " _"
o (s ©) k
-
’ -
Tuo pariod of tlum ¢t - t). durfug «nien axfcution s usceoapunivd by a 5
. docrease in weigut, iss : ) : 3
_ ety |4 ] 08 =Ko i K ) b
Lo : X
In order to duotur $uw coufficlunts a and B dn Eq. (1), it 18 necessary .

13 J10t an saporfmuutal eurve da soordiiates £ wd /A7, vacre
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The angle of slope of the atraiéht 1line vill_aqual A; the {ntercept on
. the axis will correapond to B,
In general the proéess of oxidution can be describod not by & paradolie,

but by « step depencdencoe end Eq, (1) vill have the form:

M= s = lit (8)

The ‘eurve described by Eq, (8) 15 rectified when plotting in cosrdirstes
log (2 B) end log t. .

The chenge in weight of the snmplo(;elght-i;cbeaséx vhich 48 fixad by
ve£iou3 weighting uethods of testing kvithout roooving the acalog). and the
chunge {a the outer diueasions of the semple cunnot uniquely cauractorizs the
oxidution rosistance of the muteriul,

Doyth corrosion 4s an indicutor coaparadble for differont wuteriols and
uni juely churacterizing tho dugres af corrosion und,}hereforc. the gorrosion

Tesistunce,

.

Flee 5. Wocrawa of the eculs forastion,
)

By wxaatajug tue dujondence buiveen tno cuntiye 4 walent (4 G)¢ the
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depth of corrosion ( ¢ ) und the change in outor dimensions of the sample

v ermt
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{ €’} ) in the process of oxidizing (Pig, S), the follmwing relations cen be A
"r"“i. ) ‘:'
3, = K36 (9 ¥ \
< W Y = KNG ) {10) oy
4+ =(K 4+ K)AG .
- ) o
voere {'y 1s tbe depth of corrosion, :j;:f
G’ t 43 thue chengo of outor dizensions of saaple dus to corrasion, ’};; Z]

the ecale thickauas, M .j"‘l

K, 13 the coefficlont-agual to the depth of corrosajon (in ﬂ' ) ) j:,:j

. during the chungo in tho wolght of ths seum;le by 1me/cm2 F",

- E}'.
Ky 18 the coefficlont squal to the chengo ia the outer dicsasions of g

sample (in L ) during tho chango $a the voight of the sample by'lade;:. -::j

Values K, and X3'eun bu celculuted by formulas: ’\w

) 55,‘.

. . 10 t

M = ..ﬁ..“:. L » ",

ve (..“‘.. -1 (12) o

N, = K,(r =1} & e

. ! -~

;e

vhere JC 13 tue apecific woight of the oxidiziung coaound * o

. Mc 13 the zolaculur weight of the oxiidfuinug esyjound :"“
/*'7,, {3 the wedpht of the oxfdes fo103:3 by oatdei$on of 1 2018 OF toa c23;2and, ::;

1 4

{

A i3 tne rlling-Bedworth rutdo (voiuss of oxiletion: woluus of -

edajound), ’i

Table § 3boes covfficiunt values of o, Kk. k_ ona }l) far Vo, 13.8‘. ‘:f

Cri, ang o Bb.A for conjarison, dutu 1o o ives for soar dtiur casjoucds and ¥
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Cosfficionta a, Kx. X,, and l’ Yo .
Cortein Compounds and Alloys
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Alloving ¥ithout
for the sllowing

- et

[

-

. . i - *
o o ——

T{Cs20% Co

(74 5100355 8,0

3.0 " 1.0
2,95 2,00
- 154
- 1.60
- 2417
-— 2.9
- Rt
- 1.8

{

I 2

vew e v ww e -

Oatiation Rary of Sordlea and Tas

‘00 114,8 b 543
0u0 7.8 349
0450 6.0 25
[RYRRN X 7.1
- 6 3.3
- 601 33.
- .9 3
- 2,2 &)

- 1.5 38

3
)

¢ t

Nota: whon caleulatlag §t «us undarstas! that the seaiss esnslatad

of oxtdua 3t THO_, Lrd, Cr 0 e 0,4 890, !;u).. 20, SIfs‘.

alloys

- LY

Lo ataly b valdation rate davday » grotractsld ariod (4 o

179 hours), & praviaatede wtad was uaed vita jwriodizel reauviag 0f 32410
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from the furnace for weighing and measuring, To study the initial azidation
pricd (2 to § hours), the msthod of pariodie Wrighlng vas used without re-

noving the saaplea rfon the furnace, The sasples, Dplaced on porcelain dieks,
vore loeded into a muffle furnace (Pig. §). Oxidation occurred at 1000°,

P Ao
RN I
et :u.,

R /

¥ig. 6, Diegran of loudlug saxles in Lae furuucs whon studying

\. N \Y‘(\-\

2

»
&;x
¥ \‘

<o

*ho kinstics of oxidutisa:

1- Fuffle; - rafructory drick; 3- joreolain disks;

4- saaples; 5- therwdedaple; 6- rafructory shield,

Tae kinutic curves of dxidation far certain sunyles ere given 4o Mg, 7,

Mathoastical procvasing of tho expuridonial duta by the adove aathad anowed

thut the oxldution jracuad o wll cusss can b9 sutisfuctarily describad b

Eq. .(5). Tne valus of the ex;on0at R equals 0,5 witaln tha lintits of eccuricy

-

M .

of tue taat, .-

48 80 uian;lo, Aute are giz7sn §a Tabla b o0 tad oxldation Tats Of Tid,
8d.uplad,
X ae oaldution rate O curoutas doaoride il 1ta allays wita u s ald

:‘“uuy‘ of rw‘ atd ‘.‘.r.l_f 15 of dutervat, During short ox;osired, sarialan

e

disortie, and rticalaray s allozs edutatifag 10 3 L0 Lo 32 W'id, aud

Ard o muin o 0 eolgat var, aligatlye Monewar, dartay danger aallation
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- (longer than 20 to 30 hours) the veight ‘4ncrease of the saaples rose sharply

{tecs of times).

TARLE 5

e Oxidation Rate TiB, !

—— — - PO B W e s wew S -Sma .

Tims of ¥aight incrauss Caange in outer Caleulated ;

oxidation, ‘dixansions depth of .

v

hrs, Expsrimntal Calonlatodfzxmrlmnt‘al Calculatod corrosion

S

.

_': . \ :::.
2 ’: 0.3 6.8 . 5‘2 0.025 0.036 0.10 :‘...
= A

¥
“

'ﬂ
E
R

8. . .2,8 10 92 . 0,045 0,055 0,15

9.3 19 15 0,0%0 0,10 0,28 i e
19 '3 20 0,090 0,13 - 0,37 3 fi_:f

.‘9 20 23 0.135 0‘16 0.26 q '~...
40 24 26 0,165 0,18 0,52 s
48 <8 28 S, 0,20 0,56 |

' 3‘ ' & 29 &9 0,13 0.1 0,958

2 8.5 32 <9 0,17 0,32 0,62

102 30 30 0,195 0,21 0,59 2

1y . - 9 - 0,21 0,58
., w7 'ze 9 0,19 0,31 0,58 i ‘
k- 170 3N 3 o 3t €032 0,41
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furnace, in sir stuoaphere, acd at 1000°),

TEO o walen jrobuily dus an ort.atuoatie 2atilce, vus dliedvared
-

X
-4

ut 1000°%, ars given $a Tedla 6 and tu Fig. 3 (curves 1),

Fig. 7. Kinetic curvss of oxidation of sunples (in a zuffle

foraiag scule ty ths valum Of thu oxliized ateriul, s»v Tedls &4).

&Gsr.ﬂ_ similer jumps could bs obsarved on taa kinetic curvss of oxldation
of jure UrB, (Fig, 7). The resson for such adrupt dets=loration of the jra-
tective qunlitiss of ths scale 15 1ty lasufficiunt steSility, due aviduntly

to tus vory suanll valuss of coefficlunt 4 (the rutio 37 tus volum of toe

The datu on tiw welgout 1aervase oal d9;ta of cirraaion, culculated by

foraile (y) und obtalawd durtag oxidutisn of vorious alloys, for 150 hours

As cun b3 saun u Flg. Jou, tae de,th of zurrosion Of the {ntermdlate
alloys 13 tav Tid_ «Crd aystes {a conaliwrebly lesa tasn for $:10 pure oo«
jonvnts, Tne acule du taeds luter wdlads saulas Jiffarsd avur;ly frou tue
scale ou TLE. wnl) crll‘. It can by u.su_..-:d Sast {0 tne [ Zadvit 2ad9 the
tar..m.thn of 3 ehualel eryound of A‘to. and :r:J). takss ,lase und tals eoa-
pund pas the bigh protective ,rujurtlas ca.rastardstic of :r‘OJ. und at a

favoradls volaw of a o charestsriatis ulad 22 #1350 duen 3 chizaleal cose
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Veight change & " G(1n mg/em?) and depth of corrosion €2 (ia ) N

- s during oxidation of borides and thoir alloys 1o the air at 1000°

for 150 hours =

(in brackets - oxtruﬁohted data)

\Comjosition, % mols  T1B, - CrB, 4B, - VB B, - G,

- : : R

i ¢ ! ) - _ . : o

4 ' B ‘ ' . > -

i ‘ NES

, L 100 0 29 0,48 29 ' 0,58 30 0454

' 11 5% - 10 060 0 16 039 A 04 %

. % 20 4 0,63 2 0,2 38 0,7

70 3 - - 19 0.18 = 0.56

e

60 40 1 0026 n 0429 23 0.57 -
0 .50 12 0.32 ® .0 22 0,60 It:
4 6 18 0.5 51 0,39 1 0.45 o

30 70 0 0,68 ° = - (9 (0.30) ‘
| M 03y - -
10 | 9% - 1,7 - - Q) (0,6)

o 100 35 dod 1) 0433 53] %1

.
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In the systea 2rB; - Crha the dependence of the depth of corrosion oa

the composition is of a coaplex pature., ¥ith an increase in Cr2; content to
40 to 50X wmole, the dopth of the corrosion incramses somsvhat; Detwveen A0
to 70% mole it decreasis and then agaia rises sharply. .

The corroaion resistunce of the investizated dorides incraases in the
following order) ¥2§5 - T3, - ZrB; - CrBy {at smull exposures), Tae eorro-
sion resistunce of Tsaz. 2By, CrB., and purticularly taeir alldys, exceeds
the corrusion reststunce of titaniwa carbdide, dbut §s lower than thst >f sooe
ailicides, Tne corrosion resistunce of the dorides, waich is lover by econ-
porison with the silicidos, 13 oviduntly due to the substuntial difference
botwoon 510 and B 04, Tne fila of oorda oxide foraud by tue oxidation of

tho bdorides cunuot-serve offectivaly as a gprotection aganst oxtlation,

. hocause of low viscaally end ol h wolatility, and the protective ;ropusties

of tae bdoride ascules .y jriaurily doterained by the jropertics of the :;ntal

oxides.

Tae fact tuet tho corroaion Na‘isldﬂ« of dorides 43 Aigher taan the
roatstence of thi QWEresoiding carviiva, wnd evaa 20re 33 of the aetals,
ahovd hovevur Whal tha preavnce OF bardn oulte {a the jraducts of axidatios
sudatuntially {acrvusas corraslon restitence, 11 13 evideat that vith any
oxidation tlsa a9 ecoatent of 3‘03 in tan faner layers of tue 3cels {3 eda.
sldorudla, shoersas A the satep hyor; 3.C; {3 precticelly m;a!umt. .
sBon tuarelore tae breiues ave valdiled, um;: ascurs exati s, d4ffuaton
o." tae altel u_o) tars b Lae Jayer o7 tud acule etid o Jabae it avajorae
08 Prod e surfega, a5 @ Puaddt 08 & cortala (Laduga fastoaificant)
®itual 2lustlitny of ‘;i.uJ asd K1, 19 (riseacs of a_oa 12 tuw 2eal9 aceel-

orelsd luv eabity Jt tae nllvd at Algu - Adatise tea eratarvs (sabiae 42

the iPeauncs 37 s 14 juld ;'00.'_»’.‘. Tl8 tue o.8%ating a2 catildss atd aitellva
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. the eacaping gases (CO, CO,, ¥,) react in the opposite way; they loosen the

scale, .

Thus 1t may de presumsd that, during oxhiation of dorides, s process of

%self-healing® of the scale occura,although to a lesser dogree than vith
* v sllicides [17). Upoa the appoarsnce of a sxzall ciuck or 8700 dther defect
ia the socale, en intensive oxidation of the boride bszins; the products of
oxidation (+60 ¢ B ‘03). wniek iceupy a large wolume, quickly f£411 the crack,
thus prevonting she acceas of oxypen, dfter tout, tne greater purt of the
boroa oxido evaporutes, leaving a dense laysr of mtal oxido °welding® the
erack,

Scele Strusture. Thoe s5tidy of the ssele structure was asde oo prepared
ay'ctlona of the ascale und 91:: oa 2b1i,ue sectiosas, Ia 3332 cusas, the o&nplu
vare droachad with jolyzathylietaazsylete, Toe ctmpgo {a tha outer w}jueraeacs
of the sanplus curtng‘.axuuiaa eonfirus the assaptisa tact firat s mecheni-
cal mixturd of mstel 3xidas wnd B;04 foras. After & vaila, the 3,05 coaleat
{n the outer layers of the ncale dacows Bagligidle. In «alloys TiI - 3"!5
and Trd, - Crtl‘ ware eviiently .‘oéu 4 Dechanizal wsture of oxnides of the
corraatanding mutala, la allays TiB; . Ct32 Lha gdaructer of the acidle
aifferos counldoredly froa the T1J. end Srl, scele.

Tue atudy of the b1t ue ssctivai and toe v urdd asctiona af 132 3cale
Shoved that §a @t cuses A ltilayorsd 22310 £ars, tae LZuer Jayura Of vilch

euat3t of Lieor satdas (Tv, vy <6 ). Tae jresonce oF edsnrstivaly talik

loyors 20 Luusw dalded 18 the scale 07 Lu9 dSwides Witifi 3 13 Lae decrteassd

.,,
- -

fectinl day;va j¥vacore 18 tho fuuc? layers of trne acals,

oy
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eclor of e mufess of ke saaple chenges from ~iuish-black through dull-dlaek

sad grey $0 grey-uhits, Simltansecusly, the s xfaoe coaracter charges tré-.
very smocth, glossy ("lacqwered®) surfacs to e Cull oz3. In atulyiag the cress
o;l oblique outs of the scals (Fig. B) aad the prenared sections, a blsek .
layer clearly appears betueen the boride base ard tha thick white 2ayer of Zx0,.
411 these Tacts cam bs explained by the formatioz of lower oxldes =€ sirecaium.
3Tobably Zr0, the existance of which has been Cextsd iu the majority of stulies
f18, 19]. EHowevar, the conclusion regarding ths axiatence of Zx0 {and Ze,03)

was confirmed Dy chemical and x-ray diffraction a:mlysel. in subsegusat studies

{20). The data obtalsed in the preseat work alsd coafirm the [rassace of

lower zirconium oxides.

f
e _ v s,

Fg. 8. Scale om zirconiun boride

i‘l‘,”

(4) Boride bases; (B) t.in black layers of lover oxilss

{probably 2¢0); (C) leyer of Zro,.
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. Thus it can de assumac that oxidation of zircc:fum boride at 100°

occurs in the folloving vay, In the initial period (1 to 2 houie) a film
forms on the surface of the boride of Zr0 which is coversd by a layer of semd
11quid Yoron oxide or having a solutioa of Z2r0 4n it. n the course of the
next 10 to z0 hours, as a result of d4iffusion of .o:yson. Zr0 s 611&120& to
Zr0,. Julging by the outer appearance or the scal: at tafs staze of 2xidstion,
4t cen ba assused thut oxidation of Zr0 occur alon the entire tbickness of
the vitroous laysr of boron oxide arnd the foraing purticles of z:oz fora a
sinilar asuponsion ia 3_0.,. Upon further oxidation, the boron oxide gradually
ova_orstes and oo tho surfaco of tho saaple of Zr0y it graduelly foras o scale.
The Snner layers of Zr0, ure vury donso and nard, and tnorefore ths 2r0 layer
retains a .conaidorable thickneas, -

-
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